The present research was conducted to check the cane molasses as a media for the production of polyhydroxybutyrate (PHB). Different dilutions of cane molasses were used in combination with water and mineral medium and in different ratios of carbon and nitrogen sources. Out of the 54 bacteria isolated from three types of organic waste contaminated environments, two were selected for their highest intensity of fluorescence under UV by Nile blue A viable colony staining method and they produced maximum amount of PHB from glucose (66.61±0.05% and 76.92±0.04%) in a shake flask culture at pH 7.0, 37°C and 150 rpm. The bacterial strains were identified as Gram negative rods and the 16S ribosomal ribonucleic acid (RNA) sequence similarity search showed 99 and 98% homology to Enterobacter sp. and Enterobacteriaceae bacterium respectively. In bacterial strains Enterobacter sp. SEL2 (JF901810) and Enterobacteriaceae bacterium PFW1 (JF901811), the polyhydroxybutyrate (PHB) biosynthesis from molasses was observed as 57.61±0.57% and 58.07±0.25% respectively at pH 7.0, 37°C and 150 rpm. The optimal time was 24 to 48 h for strain SEL2 and 48 to 72 h for strain PFW1. The best growth and polyhydroxyalkanoates (PHA) production was observed in media with 2% molasses and 0.2% ammonium sulphate in mineral medium (Media 11). The functional groups of the extracted PHA granules were identified as C=O group by Fourier transform infrared (FTIR) spectroscopy analysis and proton nuclear magnetic resonance (NMR) analysis confirmed it as a homopolymer of hydroxybutyrate.
INTRODUCTION
The reliance on natural biopolymers such as wool, leather, silk and cellulose have been replaced by synthetic polymers. However, the growing reliance on synthetic polymers has raised a number of environmental and human health concerns (Kalia et al., 2003) . Biodegradable plastics like polyhydroxyalkanoates (PHA) can provide some relief from this recurrent problem. These are bacterial storage polyesters, which are pro-*Corresponding author. E-mail: nighat_shabbir@yahoo.co.nz. Tel: 042-9231249. Fax: 042-9231879.
Abbreviations:
PHB, Polyhydroxybutyrate; PHA, polyhydroxyalkanoates duced in organisms under certain stress conditions. They They are currently receiving much attention because of their biodegradability and may replace petroleum-derived synthetic polymers (Stienbuchal and Fuchtenbush, 1998) .
The production cost of commercially available PHA is comparatively higher than that of conventional synthetic plastics (Van Thuoc et al., 2008) . For economical PHA production, use of cheaper agro-industrial based renewable carbon sources like molasses are getting much attraction. Molasses is a by-product of sugar processing and can be employed as a relatively cheap carbon source. The bacterial strains which are able to produce large quantities of intracellular PHA using such low-cost substrates are required. Wastes generated in the agricultural sector are abundantly available. Recycling of these wastes for polyhydroxyalkanoate production is not only crucial for waste management but also in economizing and commercializing the polymer (Thomsen, 2005) .
Cane molasses can serve as an excellent carbon substrate. This could be attributed to the presence of rich content of sugars like sucrose, fructose, glucose and vitamins in molasses (Albuquerque et al., 2007) . The present investigation was designed to determine the feasibility of molasses as a media for the growth and PHA production which being an agro-industrial waste is cheapest and easily available substrate in Pakistan and may help to cut down the cost of PHA production. The experiments were performed to study the effect of varying concentration of crude molasses as a carbon and ammonium sulphate as nitrogen source, as well as polymers produced was analyzed.
MATERIALS AND METHODS

Bacterial strains and media
Three types of organic waste contaminated soils were selected for the isolation of polyhydroxyalkanoates producing bacteria that is, molasses, oil/ghee and sewerage. A total of 54 bacterial strains were isolated and screened for the PHA production. The screening was done with Sudan Black B staining method (Lee and Choi, 1999) and Nile blue A viable colony method (Spiekerman et al., 1999) . PHA mineral media (PMM) and distilled autoclaved water media (DAWM) pH 6.8 to 7.0 in the shake flask was used for the estimation of polyhydroxyalkanoates production (Lee and Choi, 1999) . Polyhydroxyalkanoates (PHA) broth, trace element solution and molasses were sterilized separately and combined prior to culturing. Molasses was obtained from the sugar factory of Faisalabad district in autoclaved bottle and stored at 4°C for further use. For experiments, 40% stock of crude molasses was prepared and stored at 4°C after sterilization at 121°C and 15 lb pressure for 10 min. Among the 54 bacterial isolates, two bacterial strains, SEL2 and PFW1 were selected for optimization experiments on the bases of intense fluorescence with Nile blue A staining and maximum PHA production with glucose as carbon source.
Identification
The bacterial strains were identified from Macrogen Inc. Korea. The 16S rRNA sequences obtained were submitted to GenBank and used to find out similarity in BLASTn (NCBI) with the other related strains. ClustalW2 (http://simgene.com/ClustalW) software was used to align the related sequences. Phylogenetic and molecular evolutionary analysis was conducted using MEGA version 4 (Tamura et al., 2007) .
Experimental setup
Two types of strategies were adopted for PHA production from crude molasses in the selected strains. In the first phase, the use of water alone (DAWM) with varying ratios of carbon (1, 2, and 3% molasses) and nitrogen sources (0.1, 0, and 0.2% ammonium sulphate). Secondly, the PHA mineral media (PMM) (Lee and Choi, 1999) with varying carbon (1, 2, and 3% molasses) and nitrogen sources (0, 0.1 and 0.2% ammonium sulphate). The detail description of different media composition are given in Table 2 . The seed culture was prepared in nutrient broth overnight and the initial OD of experimental media flasks were set at 0.05 and at 600 nm by IRMECO UV-Vis Spectrophotometer (Model 42020 Germany) using this culture. The 150 ml of experimental media was used in 250-ml conical flask, with rotary shaking at 150 rpm, 37°C for 24 h. The 10 ml of samples were collected aseptically at different time intervals for the estimation of biopolymer production and increase in growth.
Extraction of biopolymer
Recovery of the biodegradable plastic was done by direct addition of sodium dodecyl sulphate (SDS) (Kim et al., 2003) . SDS treatment was carried out in 30-ml flasks containing 10 ml culture broth. The ratio of SDS to the wet cell mass (w/w) was 0.5:1 and the reaction time was 1 h at 37°C and 150 rpm. After the reaction, the heat treatment was conducted at 121°C for 15 min followed by centrifugation at 13000 x g for ten minutes. The harvested solid sample including PHA was washed with distilled water. The recovered PHA was dried overnight at room temperature. The PHA content is defined as the percent ratio of PHA to wet cell concentration. The experiments were performed in three replicates.
PHA analysis
The polyhydroxyalkanoates obtained were analyzed by Fourier transform infra red spectroscopy (FTIR) and proton nuclear magnetic resonance ( 1 H-NMR). For FTIR analysis, the SDS extracted PHA was dissolved in chloroform and placed on KBR window. After evaporation of the solvent, the film spectrum was taken at 500-5000 wave number cm -1 . The purified PHA was also analyzed by 500-MHz H1 NMR spectrometer at 300 K.
1 H-NMR was carried out for SDS extracted and chloroform (1:5) purified PHA isolated from cell biomass (Shamala et al., 2003) .
RESULTS
Screening of PHA producing bacterial strains
As a result of screening of selected organic waste contaminated sites, 54 bacterial isolates were obtained. The 48 bacterial strains out of 54 were found to be PHA positive. The Figure 1 shows that 95% of bacterial strains isolated from molasses contaminated site were PHA positive. Similarly, all the bacterial strains isolated from oil/ghee contaminated sites were PHA positive while 76% bacterial strains of the sewage contaminated sites were found PHA positive. The data was based on the staining results of Sudan black B and Nile blue A methods. Out of the 48 PHA positive bacterial strains, two (SEL2 and PFW1) were selected for their high intensity of fluorescence with Nile blue A ( Figure 2a ) and production of maximal (66.61±0.05% and 76.92±0.04%, respectively) PHA production in PMM media (Lee and Choi, 1999) with 2% glucose as carbon source (Table 1) . Figures 2b and 2c depicts the light microscopy of PHA granules of bacterial strains SEL2 and PFW1 as observed under 100× objective with oil immersion.
Evolutionary relationship
The strain SEL2 was identified as Enterobacter sp and strain PFW1 as E. bacterium based on 16S rRNA gene 
Molasses as a media for growth and PHA synthesis
The autoclaved distilled water media (DAWM) with varying ratio of molasses (1, 2 and 3%) supported the growth of both bacterial strains SEL2 and PFW1. The strain SEL2 and PFW1 showed significant growth in media 1, 2 and 3. The increases in molasses concentration positively influenced the growth of the organism (Figures 4a and 5a ). In DAWM, the SEL2 was able to accumulate 29.17±0.15% PHA with 2% (v/v) molasses as sole carbon source (Figure 4b ), while the strain PFW1 accumulated 19.96±0.21% with 3% molasses (v/v) after 24 h of incubation. No significant amount of PHA accumulation was observed in media 1 that is, with 1% molasses (Figures 4a and 5a ). When the PMM was used instead of DAWM, the growth as well as the PHA production was positively influenced. A relatively different pattern of growth and PHA production was observed with the strain PFW1. It was able to grow well with 3% molasses in DAWM (Figure 5a ). The use of PMM further increased the growth but here the better growth was seen in media 4 with 1% of molasses (v/v).The range of PHA production was also improved and the strain was able to use molasses in different ratio for the accumulation of PHA. The maximal amount of PHA production (Figure 5b) was observed in media 6 (43.99±0.6%). The Figures 4a and 5a depict the comparative effect of media on the growth of two selected strains. The bacterial strain SEL2 and PFW1 showed a similar pattern of growth, the increase in growth was quite prominent when PHA media was used along with the varying molasses concentration (Figures 4a, b and 5a, b) . So, the results clearly indicate that although the PHA content was low, the DAWM could support the accumulation of PHA by both strains.
Effect of carbon and nitrogen source ratio
The strain SEL 2 and PFW1 showed 66.0±0.04% and 76.92±0.04% PHA of its biomass when grown in PMM broth with glucose as sole carbon source after 24 h of incubation. The same strains when given alternate growth conditions, the growth and PHA production were affected in both strains. Media 1, 2 and 3 sustained the growth of the bacteria as increasing trend in optical density was observed during 72 h growth period but PHA synthesis was low. In media 4, 5 and 6 the growth of both strains was comparatively better (Figures 4 and 5) . When the growth conditions were further modified with the addition of 0.1% and 0.2% ammonium sulphate along with the varying concentration of molasses, the growth of strain SEL2 was influenced positively. The maximum OD was observed after 96 h of incubation (10.143±0.08) in media 11 (Figure 4c ). The PHA production was observed up to 57.61±0.57% in media 12 (Figure 4d) . Similarly, the Figure 3d depicts a very positive effect of increased concentration of molasses and ammonium sulphate on the PHA production by SEL2 in media 11 and 12. The 72 to 96 h of incubation seemed to be the optimal for the strains to have a good growth and 24 to 72 h for the maximum PHA production (Figure 4d) Figure 3 . Phylogenetic relationship of bacterial strains with related genera based on16S ribosomal RNA sequence. The rooted tree was generated by using Neighbour-joining method. a) Strain SEL2 b) strain PFW1. the absorbance at 600 nm was observed up to 6.47±0.024 after 96 h of incubation at pH, 37°C and 150 rpm. The PHA synthesis was observed up to range 58.07±0.25% after 72 h of incubation under the above mentioned conditions (Figure 5c and 5d ). This part of experiment indicated that increase in the molasses concentration with the addition of salts provide better nutrition and help to improve the growth and better PHA production.
PHA analysis FTIR analysis
Polymer obtained after SDS extraction and chloroform purified was dried and subjected to Fourier Transform Infra Red spectroscopy. The intense absorption was observed at 1724 to 1730 cm -1 and 1215 cm -1 (Figure 6a  and b) corresponding to C=O and C-O stretching groups respectively. Shamala et al. (2003) described the absorption in this range was typical to PHA. The experimental peaks obtained were compared with the literature which indicated that the extracted polymer was mostly PHB.
Proton NMR analysis
The proton NMR spectrums given in the Figures 7 and 8 showed the presence of three groups of signals characterristics of the homopolymer PHB; a doublet at 1.28 ppm 1.28 ppm was observed which is attributed to methyl group coupled to one proton, a doublet of quadruplet at 2.30 ppm which is attributed to methylene group adjacent to an asymmetric carbon atom bearing a single proton and a multiplet at 5.35 ppm characteristic of methyne group. Two other signals were also observed one at 7.24 ppm which was attributed to water and another one at 7.24 ppm which was attributed to chloroform. From these results, it can be concluded that the SEL2 and PFW1 produced PHA exclusively in the form of PHB (Jan et al., 1996) . 
DISCUSSION
Enterobacter sp. is not frequently been reported as PHA Producers. Samrot et al. (2010) 
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Wave number cm asburiae (AY221358.1) and Citrobacter freundii (DQ133536.1), Leclercia adecarboxylata (AJ277977). The phylogenetic tree (Figure 3a ) obtained by neighbourjoining method clearly indicated that the strain SEL2 formed a separate group, Enterobacter sp. JA23 (EU260136.1) being the closest relative. So, the isolated strain was designated as Enterobacter sp. SEL2 (JF901810). The 16S rRNA sequence similarity search for strain PFW1 showed this bacterial isolate was homologous to E. bacterium (DQ436917) (99%) and formed a separate group, E. bacterium (EF151985) being the closest kin. So the strain PFW1 (JF901811) belonged to E. bacterium group. Pakistan is an important cane producing country and the sugar industry is its one of the largest agro based sector. Sugarcane is grown on over a million hectares and provides the raw material to sugar mills. A typical sugar and distillery complex generates large quantities of wastes like bagasse, filter cake, molasses and distillery spent wash. The molasses being an agro-industrial waste is cheapest and easily available substrate in Pakistan and may help to cut down the cost of PHA production. The production of PHA using organic wastes can be an environmental-friendly and economical alternative to using commercial feedstock (Ryu et al., 2008) . Albuquerque et al. (2007) reported that it has a very high sugar content (total sugars make up 54% w/w of the cane molasses), composed mainly of sucrose (62%), and fructose (38%). As well as cane molasses contains vitamins and other minor constituents (White, 1954) ; so it can be used as a source of growth factors (Malathi and Chakraborty, 1991) . In view of all these facts, this study used the molasses as a media and carbon source for the production of polyhydroxyalkanoates. The bacterial strains used showed considerable growth in the molasses based media and increase in molasses concentration improved the growth of the strains. The bacterial strain E. bacterium PFW1 showed better growth as compared to Enterobacter sp.SEL2. Thus, the strain PFW1 is better adopted to grow and use the nutrients of molasses. Chaijamrus and Udpuay (2008) described that the highest PHB production was observed after 45 h of growth (43% w/w, dry matter) when 4% molasses was used, whereas the highest biomass (7.2 g /l) was obtained at 4% molasses. So the present study also confirmed that the synthesis of PHA was positively influenced by the increased concentration of molasses (Figures 3 and 4) . PFW1 was found to be a good producer as compared to SEL2.
Further, when the simple molasses media was supplemented with PHA media, which contains the ammonium sulphate as nitrogen source, the growth and PHA synthesis were both influenced positively and again the strain PFW1 was better candidate as compared to SEL2. Increased yield rate while using synthetic nitrogen sources may be due to the fact that nitrogen served as precursor for vitamins, amino acids, growth factors etc (Saranya and Shenbagarathai, 2010) . The effect of different concentrations of cane molasses has been studied by Beaulieu et al. (1995) which showed that the production of PHB was high between 0.1 to 0.3 g/l. However, the percentage of PHB on the basis of cell dry weight was higher with a 0.1% concentration. Also, Page (1992a) reported the production of 59% PHB per cell dry matter when 5% cane molasses were used with Azotobacter vinelandii UWD, and 32% PHB per cell dry matter when 3% glucose was used.
The analysis of the polymer produced by FTIR showed that it has C=O (Figures 5a and b) group. Further analysis of polymer produced by proton NMR indicated that the polymer had a methylene, methyl group and an adjacent methylene group (Figures 6 and 7) . On the bases of these findings, it was concluded that the polymer produced was of PHB type. The literature (Albuquerque et Naheed et al. 3331 al., 2007; Page, 1992a, b) also supported these results that beet and cane molasses was when used as substrate, the accumulated polymer was of medium chain length, polyhydroxybutyrate (PHB). So the selected strains may appear to accumulate PHB type of polymers by using different type of carbohydrates present in the molasses (Figures 6 and 7) . The yield and type of polymer may possibly be varied using various other substrate or by changing the cultural conditions.
Conclusion
This study reveals that the two selected bacterial strains Enterobacter sp. SEL2 and E. bacterium sp. PFW1 were better adapted to growth and use of nutrients of molasses. They produced 57.61±0.57% and 58.05±0.25% PHA of their WCW (wet cell weight) respectively in molasses supplemented PHA mineral media (PMM). It was also observed that the two strains were able to grow and accumulate PHA (29.17±0.15% and 19.96±0.21%, respectively) in molasses supplemented DAWM as well.
The polymer analysis showed that it was exclusively of PHB type.
